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BENIGN NEOPLASMS OF THE GALLBLADDER 


V. DUNCAN SHEPARD, M.D. 
Fellow in Surgery, Mayo Foundation 


WALTMAN WALTERS, M.D., Sc.D. 
AND 
MALCOLM B. DOCKERTY, M.D.C.M. 
ROCHESTER, MINN. 


Benign neoplasms of the gallbladder occur so rarely that even in a 
large surgical practice one encounters few of them; for this reason all 
studies of these growths have been based on only a few cases. We wish 
to present a clinical and pathologic study of the benign tumors of the 
gallbladder encountered at operation at the Mayo Clinic from Jan. 1, 
1906, to Dec. 31, 1938, inclusive. The group comprises 45 gallbladders 
containing one or more polypi, 103 containing adenomyoma and 2 con- 
taining fibroma. All the specimens except 3 were obtained by chole- 
cystectomy ; 3 were taken for biopsy—2 of the 3 at cholecystostomy and 
| at gastric resection for carcinoma of the stomach. Papilloma of the 
gallbladder, as has been pointed out by MacCarty,’ by Phillips,? and by 
Graham, Cole, Copher and Moore,’ is not a true neoplasm and hence 
was not included in this study. 

POLYPUS 

Literature —Like all benign neoplasms of the gallbladder, polypus of 
the gallbladder is rare. No reliable figures concerning its incidence are 
ivailable. Finkelstein * estimated that 0.5 per cent of all gallbladders 

rom the Division of Surgery and the Section on Surgical Pathology, Mayo 

Abridgment of a thesis submitted by Dr. Shepard to the faculty of the 

niversity of Minnesota Graduate School in partial fulfilment of the requirements 
r the degree of Master of Science in Surgery. 

1. MacCarty, W. C.: The Pathology of Gallbladder Disease, in Walters, W., 
1 Snell, A. M.: Diseases of the Gallbladder and Bile Ducts, Philadelphia, W. B. 
inders Company, 1940. pp. 77-94. 


2. Phillips, J. R.: Papilloma of the Gall Bladder, Am. J. Surg. 21:38-42 
ly) 1933. 
3. Graham, E. A.; Cole, W. H.; Copher, G. H., and Moore, S.: Diseases 


the Gall Bladder and Bile Ducts, Philadelphia, Lea & Febiger, 1928, pp. 184- 


4. Finkelstein, cited by Pytel.15 
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removed by operation contain a benign tumor. Polypi may occur sing]) 
or as multiple tumors. In a few cases the entire mucosa is involved 
( polyposis }- 

Causation: Doljanski and Roulet ° expressed the belief that benign 
neoplasms of the gallbladder arise as growths of connective tissue under 
the influence of the covering epithelium, just as specific types of connec- 
tive tissue are differentiated from undifferentiated connective tissue in 
the fetus under the influence of the epithelium of the organ in question. 

Klose and Wachsmuth ° stated that the polypus originates by growth 
of the glands of the gallbladder and subsequent hyperplasia of the con- 
nective tissue stroma. 

Virchow * expressed the belief that the growth of all fibroepitheliomas 
of the gallbladder is due to growth of connective tissue and that the 
epithelium merely increases to fulfil its normal function as a covering 
for tissue. 

3irch-Hirschfeld,* Eberth,® Hanau *° and Pfannenstiel “ said that the 
impulse to the growth of a tumor of the gallbladder comes from the 
epithelium and is a response to a general urge to epithelial growth. 

Abell,*? Klose and Wachsmuth, Kovacs,** Molle,** Phillips and 
Pytel ** all stressed the role of chronic infection and inflammation and 
the trauma of stones as the inciting stimulus to the formation of a tumor. 

Pathologic Description: From the first description of a papilloma of 
the gallbladder by Heschel '* in 1852, the nomenclature of the fibro- 





5. Doljanski, L., and Roulet, F.: Ueber gestaltende Wechselwirkung zwischen 
dem Epithel und dem Mesenchym, zugleich ein Beitrag zur Histogenese der 
sogenannten “Gallengangswucherungen,”’ Virchows Arch. f. path. Anat. 292:256- 
267, 1934. 

6. Klose, and Wachsmuth, W.: Seltene chirurgische Erkrankungen des Gal- 
lensystems, Arch. f. klin. Chir. 123:1-6, 1923. 

7. Virchow, R.: Die krankhaften Geschwiilste, Berlin, August Hirschwald, 
1864-1865, vol. 2, pp. 170-384. 

8. Birch-Hirschfeld, F. V., cited by Konjetzny, G. E.: Pathologische Anatomie 
und Physiologie der Gallenblasen- und Gallengangserkrankungen, Ergebn. d. allg 
Path. u. path. Anat. 14:792-821, 1910. 

9. Eberth, cited by Schoenlank.1* 

10. Hanau, cited by Schoenlank.17 

11. Pfannenstiel, cited by Schoenlank.17 

12. Abell, I.: Papilloma and Adenoma of Gall-Bladder, Ann. Surg. 77:27 
280 (March) 1923. 

13. Kovacs, A.: Cholecystitis Polyposa (Fibroepithelioma Hicronymi) des 
Hundes, Zentralbl. f. allg. Path. u. path. Anat. 56:377-380 (Feb. 10) 1933. 

14. Molle, H.: Ueber Papillome der Gallenblase, nebst Mitteilung eines selbst 
beobachteten Falles, Beitr. z. klin. Chir. 99:173-185, 1916. 


15. Pytel, A.: Zur Kasuistik der benignen Geschwiilste der Gallenblase, Zen- 


tralbl. f. Chir. 57:2240-2242 (Sept 6) 1930. 
16. Heschel, R., cited by Schoenlank.17 
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epithelial tumors of the gallbladder has been confused by the use of a 
multiplicity of terms to describe the same type of tumor and further 
by the use of the same term to describe different types of tumor. 
Polypus of the gallbladder has been termed polypus, cholecystitis 
polyposa, fibroepithelioma and papilloma; most of the last named are 
true papillomas, but at least a few of the so-called large papillomas are 
polypi by description, and Phillips and Schoenlank ** distinguished them 
as such. 

Kovacs, Ringel ** and Schoenlank described the polypus in its 
simplest terms as a framework of vascular connective tissue covered by 
high columnar epithelium with basal nuclei and the presence of an occa- 
sional goblet cell. The tumor is sessile or pedunculated and uniformly 
small, rarely exceeding 8 mm. in diameter. Predilection for any par- 
ticular portion of the gallbladder is not observed. Fine capillary net- 
works are seen throughout the stroma. Large, clear cells containing 
doubly refractile neutral fat are often present in large numbers in the 
framework of connective tissue. Inflammatory cells, especially lympho- 
cytes, are the rule rather than the exception. 

Kovacs and Klose and Wachsmuth described polyposis, or a general 
involvement of the mucosa by polypi; the pathologic characteristics of the 
constituent growths are identical with those of the single tumor. 

Unlike polypi of the stomach and the colon, polypus of the gallbladder 
rarely if ever becomes malignant; no instance of malignant change of a 
polypus of the gallbladder has been reported in the literature with con- 
vincing proof. In some cases, such as the now famous case reported by 
Pels-Leusden,*® malignant change has been reported, but it has been 
found later that the change was benign. 

Clinical Picture: It has been pointed out repeatedly that the response 
of the gallbladder to any change, whether inflammation, trauma or tumor, 
is necessarily limited, owing to the simple structure of the gallbladder. 
No definite or characteristic symptoms have been described for polypus of 
the gallbladder, and the clinical picture presented has been attributed to 
the accompanying cholecystitis or cholelithiasis or both. 

Diagnosis: For lack of a characteristic picture, polypus of the gall- 


bladder has been diagnosed preoperatively only by roentgenography. 


17. Schoenlank, A.: Ueber das Papillom der Gallenblase, Frankfurt. Ztschr. f. 
Path. 16:293-315, 1915. 

18. Ringel: Ueber Papillom der Gallenblase, Centralbl. f. Chir. 26: 129-130 
\pril) 1899, 

19. Pels-Leusden, F.: Papillare Geschwiilste der Gallenwege, Verhandl. d. 
leutsch. Gesellsch. f. Chir. 33:85-89, 1904; Ueber papillare Wucherungen in der 
sallenblase und ihre Beziehungen zur Cholelithiasis und zum Carcinom, Arch. f. 

Chir. 80:128-160, 1906. 
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Kirklin *° and, later, Moore ** and Hefke ** all described their roentgen 
diagnosis. Characteristics of the roentgen picture of polypus of the 
gallbladder are as follows: 


1. There is a radiolucent defect in the shadow of the dye-filled gall- 
bladder ; this defect is more radiolucent than the most radiolucent non- 
opaque stone. 

2. The defect is small and round, rarely more than 1 cm. in diameter. 

3. The defect is usually single ; if there are multiple defects, they are 
discrete. 

4. The defect is marginal and is best seen in a tangential view which 
shows the defect continuous with the wall of the gallbladder. 

5. The defect is best seen in the twenty-four hour film. 


6. The shadow of the gallbladder is usually good, for the gallbladder 
concentrates the dye well; this has been shown by Caylor and Bollman *° 
to be due to the concentrating powers of the hypertrophic rugae which 
usually accompany the growth. 

7. No characteristic location of the defect has been noted. 

Complications: Hromeda,** King and MacCallum ** and Klose and 
Wachsmuth described prolapse of a pedunculated tumor causing obstruc- 
tion at the neck of the gallbladder. Phillips and Risak ** both saw polypi 


that had become detached and acted either as a stone or as the nidus for 


the formation of stone. 


Findings.—In all there were 45 gallbladders, each of which contained 
one or more polypi. In roughly every 100 cases of cholecystectomy, the 
gallbladder contained one or more polypi. This, however, gives x 
inkling of the incidence in the general population. The sex distribution 
was about equal (53 per cent in women and 47 per cent in men). The 
20. Kirklin, B. R.: Cholecystographic Diagnosis of Papillomas and Other 
Tumors of the Gallbladder, Proc. Staff Meet., Mayo Clin. 5:336-337 (Nov. 19) 
1930. 


21. Moore, C.: Cholecystographic Diagnosis of Papillomas and Tumors of 


Gallbladder, Am. J. Roentgenol. 33:630-635 (May) 1935. 


22. Hefke, H. W.: Die Diagnose von Papillomen der Gallenblase mittels Cho- 


lezystographie, R6ntgenpraxis 3:871-873 (Oct. 1) 1931. 
23. Caylor, H. D., and Bollman, J. L.: The Bilirubin Content of Gallbladde: 
Bile in Cholecystic Disease, Arch. Path. 3:993-1001 (June) 1927. 


24. Hromeda, G.: Ein Fall von Myom der Gallenblase, Zentralbl. f. Chir. 60: 
2254-2256 (Sept. 23) 1933. 


25. King, E. S. J., and MacCallum, P.: Cholecystitis Glandularis Proliferans 


(Cystica), Brit. J. Surg. 19:310-323 (Oct.) 1931. 


26. Risak, E.: Ueber polypése Tumoren der Gallenblase, Beitr. z. klin. Chir 
138 : 382-390, 1926. 
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youngest patient was 34 years old; the oldest, 64 years, and the average 
age, 50.2 years. 

Gross Pathologic Characteristics: In 28 per cent, the polypus was 
single ; in 72 per cent, there were multiple tumors ; in 2 cases of the latter 
type, the condition is best described as polyposis of the gallbladder. The 
polypi occurred in all parts of the viscus without predilection for any one 
location. All were pedunculated. They were small as a rule, averaging 
3 mm. in diameter; the extremes varied from 1 to 8 mm. in diameter. 
In addition, the gallbladders frequently contained other pathologic 
growths as well as polypi: Cholesterosis (strawberry gallbladder) was 
seen in 37 per cent ; adenomyoma occurred in 9 per cent, and gallstones 
were found in 68 per cent. These were divided equally between single 
and multiple stones; all varieties of stone occurred, more than one type 
being present in the same viscus fairly frequently. 

Microscopic Pathologic Characteristics: The polypus is a fibro- 
epithelial tumor consisting of a stalk and a supporting stroma of white 
fibrous tissue containing a rich network of capillaries. The stroma is 
clad by a single layer of tall columnar epithelium with large, oval, dark- 
staining, basally placed nucleus and clear cytoplasm and resembles normal 
epithelium of the gallbladder in all respects. In the stroma is seen an 
occasional acinus with a small lumen lined by epithelium of the same 
character as that of the epithelium which covers the polypus. In the 
polypi examined, goblet cells were scarce, occurring in only 9 specimens. 
The multiple tumors and the lesions in the 2 cases of polyposis resembled 
the single growths in all respects. There were abundant signs of chronic 
inflammation throughout the wall of the gallbladder ; however, they were 
no more striking in the polypus than in the uninvolved portions of the 
wall. Lymphocytes varying from scattered cells to solid sheets or clumps 
were present in every specimen; in 22 there was noticeable congestion, 
especially in the vessels of the fibrosa. Rokitansky-Aschoff sinuses 
occurred in 5 cases (11 per cent). In 20 instances (44 per cent), the 
polypus contained large light-staining cells with foamy cytoplasm 
(infiltration of cholesterol). In 29 (64 per cent), the mucosa was 
hyperplastic. As a rule, the muscularis was thickened, averaging 2 mm. 
(average thickness of normal muscularis, 0.5 mm.). 

In 1 gallbladder, two polypi were present. No gross difference from 
the other polypi studied was apparent, but on microscopic examination 
regions of adenocarcinoma, grade 1 (Broders’ method), were observed 
in both. There was loss of cell outline ; an occasional mitotic figure was 
to be seen, and the nuclei were dark staining. Invasion of the regions 
contiguous to the malignant region was beginning, but the stalk was not 
invaded (fig. 1). 

Clinical Picture: A history of cholecystic disease (gas, belching, 
flatulence, pyrosis, sour eructations, sensation of heaviness, intolerance 
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to roughage, fats and greases and attacks of abdominal pain) was elicited 
in 38 cases (84 per cent). In 24 (53 per cent) there was a history of 
colicky pain in the upper part of the abdomen, usually in the right upper 
quadrant and often extending through or around the trunk to the back: 
this pain was severe enough to waken the patient and required opiates 


for relief. In 9 cases (20 per cent), jaundice had been present at least 
once. The duration of symptoms varied from two weeks to thirty years; 
the average duration was seven and four-tenths years. 

Examination revealed tenderness in the right upper quadrant of the 
abdomen in 20 cases (44 per cent) ; 3 patients were icteric. 














Fig. 1—Polypus of the gallbladder (stained with hematoxylin and eosin; 
x 25). This polypus contained a region of adenocarcinoma (grade 1). 


Diagnosis: A clinical diagnosis of cholecystic disease was made in 
38 instances (84 per cent). In 2 cases, a preoperative diagnosis of tumor 
of the gallbladder was hazarded by virtue of cholecystography. Forty- 
one patients underwent cholecystography by the oral dye method. Of 
these, 33 (80 per cent) showed some abnormality—stones or poor or no 
concentration of the dye or both; 2 of these 33 exhibited a defect that 
was diagnosed correctly as tumor ; in both instances there was no impair- 
ment of ability to concentrate the dye. Eight patients (20 per cent) 
showed normal function and no shadow defects of stone or tumor. 

Complications: With the exception of the 1 viscus (two polypi) in 
which there was malignant change, there were no complications. 
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The incidence of polypus of the gallbladder in this series, roughly 
bout once in every 100 gallbladders removed by operation, is in agree- 
ment with the findings of Chiray,?* Klose and Wachsmuth, Kovacs, Risak 
and Schoenlank. 

No predilection for any one part of the gallbladder was revealed in 
this series nor is any mentioned in the literature. 

It is significant that polypi do not occur in otherwise normal gall- 
bladders ; in every case there was some sign of chronic inflammation, and 
in 68 per cent, stones were present. From these findings it seems 
justifiable to assume that chronic inflammation and the trauma of stones 
play a role in the causation of polypus of the gallbladder, an opinion 
voiced by Klose and Wachsmuth, Kovacs, Molle, Pels-Leusden, Sand 
and Mayer ** and Schoenlank. 

There is no evidence to show whether the tumor started as a con- 
nective tissue growth, as both Schoenlank and Virchow stated, or as an 
epithelial growth, as held by Birch-Hirschfeld, Hanau, Eberth and 
Pfannenstiel. 

Two of the gallbladders were so extensively involved that the con- 
dition is best classified as polyposis and may have been due, as polyposis 
of the colon is, to an inherent capacity for fibroepithelial growth. 

In two polypi, both in the same gallbladder, definite adenocarcinoma, 
grade 1 (Broders’ method), was present; they had the same stimulus 
(chronic inflammation and stones) as the other polypi in which there 
was no malignant change. Did trauma from thé single stone in this 
gallbladder play a part in causing the malignant change? In 68 per cent 
of all the polypus-containing gallble “ders there were one or more stones; 
yet in only two polypi (in the same gallbladder) was there a malignant 


change. Practically all authors who have written about malignant lesions 
of the gallbladder have stressed the possible role of gallstones in the 
causation of these lesions. 


Most authors agree that benign tumors of the gallbladder do not 
present any characteristic clinical picture and . iat, except for roentgen- 
ography, they are not suspected preoperatively; the usual syndrome is 
that of the concomitant cholecystitis or cholelithiasis or both. The find- 
ings in this series of cases are in agreement with this opinion; in only 
2 cases was tumor suspected preoperatively, and in these the suspicion 
was by virtue of defects in the shadows of the roentgenograms of 
normally functioning gallbladders. 

27. Chiray, M., and Pavel, I.: La vésicule biliaire: Anatomie, physiologie, 
sémiologie, pathologie, thérapeutique, Paris, Masson & Cie, 1927, pp. 491-502. 

28. Sand, R., and Mayer, L.: Transformation de la vésicule biliaire tout entiére 
en un kyste papillifére, Arch. de méd. expér. et d’anat. path. 23:523-528, 1911. 
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ADENOMYOMA 


Literature—This tumor has been described as adenoma by Buzzi and 
Lascano Gonzalez,”* Kiraly,*° Robson * and Wellbroch,** as myoma by 
Hromeda, as cholecystitis glandularis proliferans by King and Mac- 
Callum, as cystadenoma by Kordenat ** and by Shambaugh,** as fibro- 
myoadenoma, by Weidlinger,** as cholecystitis cystica by Bodnar ** and 
as adenomyoma by Eiserth ** and by Nicod.** All the terms except 
adenomyoma have the disadvantage of being used to describe other 
tumors in addition to the tumor under discussion. Adenomyoma seems 
the best designation for three reasons: first, it describes the constituent 
tissues of the tumor; second, it has not been used for other tumors or 
inflammatory changes, and, lastly, this tumor is analogous to adeno- 
myoma of the uterus. 

Incidence: This also is a rare tumor. Eiserth found 13 cases in a 
“little less than 4,000 autopsies.” King and MacCallum found it in 9.5 
per cent of 400 gallbladders removed for cholecystitis or cholelithiasis. 
Aschoff and Bacmeister *® found it in 3 per cent of the patients studied 
for cholecystitis or cholelithiasis or both. Lubarsch *° found this tumor 
in 5 per cent of necropsies, and Nicod found it in 1 per cent. Nicod was 
the only author who studied its sex distribution, and he found it equally 
distributed. He also found it “at almost all ages.” However, both 
Luschka ** and Ejiserth emphasized that it is rarely if ever seen in the 
newborn or in children and is encountered most frequently in patients 
in their fifties. 


29. Buzzi, A., and Lascano Gonzalez, J. M.: Cholécystite chronique avec 
adénome, Ann. d’anat. path. 7:943-948 (Nov.) 1930. 

30. Kiraly, J.: Gallenblasenadenom, Arch. f. klin. Chir. 178:780-785, 1934. 

31. Robson, A. W. M.: Adenoma of the Gall-Bladder, Med.-Chir. Tr., London 
88 :229-231, 1905. 

32. Wellbroch, W. L. A.: Adenoma of the Gall Bladder, Am. J. Surg. 23: 
358-360 (Feb.) 1934. 

33. Kordenat, R. A.: Cystadenoma of the Gallbladder: Report of Case, Wis- 
consin M. J. 29:634-637 (Nov.) 1930. 

34. Shambaugh, P.: Multilocular Papillary Cystadenoma of the Gall Bladder, 
Am. J. Surg. 22:229-231 (Nov.) 1933. 

35. Weidlinger, E.: Fibromyoadenom des Gallenblasenfundus, Arch. f. klin 
Chir. 153: 180-182, 1928. 

36. Bodnar, L.: Cholecystitis cystica, Virchows Arch. f. path. Anat. 238: 
359-365, 1922. 

37. Eiserth, P.: Adenomyome der Gallenblase, Virchows Arch. f. path. Anat 
302:717-723, 1938. 

38. Nicod, J.: L’adénomyome du fond de la vésicule biliaire, Ann. d’anat. pat! 
4:133-139 (Feb.) 1927. 

39. Aschof, L., and Bacmeister, A.: Die Cholelithiasis, Vienna, Gustav Fischer 
1909, p. 117. 

40. Lubarsch, O., cited by Ejiserth.5* 
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Causation: There is lack of agreement as to the causation of these 
vrowths, although most writers have stated that they are either of con- 
venital origin or due to inflammation and infection in the gallbladder. 


(a) Congenital Origin: Aschoff and Bacmeister found little or no 
inflammation in some of their cases of adenomyoma and therefore saic 
that adenomyoma is not due to inflammation. They expressed the belief 
that the tumor is a congenital anomaly analogous to the misformations of 
tissue in the tip of Meckel’s diverticulum. Abell, Kordenat and Ribbert * 
all referred to Cohnheim’s ** hypothesis of displacement of embryonic 
cells during fetal development and the subsequent growth of these cells 
to form a tumor. However, neither Abell nor Kordenat expressed the 
belief that this is the source of these tumors. Buzzi and Lascano Gonzalez 
mentioned heterotopic epithelium and congenital malformation as well as 
inflammation and trauma of stones as causes of adenomyoma of the gall- 
bladder. Eiserth expressed the belief that the tumor is hamartoblastoma 
and found other benign tumors elsewhere in the body in his necropsy 
material. He expressed the belief that the inflammatory changes are no 
vreater than those in any chronically inflamed gallbladder ; he concluded 
that the growth may be the result of “congenital but inactive proliferative 
anlage” which is stimulated by inflammation to grow, thus forming 
adenomyoma. Hromeda said that the tumor is an embryonal rest. Nicod 
expressed the opinion that it results from heterotopic epithelium or is of 
embryonic origin; however, he pciated out that the epithelium of the 
tumor is epithelium of the gallbladder and not from other parts of the 
gastrointestinal tract; in his opinion, the inflammation is secondary. 
Reimann ** pointed out that a completely differentiated cell is incapable 
of mitosis and that “spare parts” (undifferentiated cells) must be present 
whenever regeneration, replacement, hyperplasia or repair is manifested. 
Thus the “multiple potency of cells” can explain the causation of this 
tumor without the necessity of Cohnheim’s hypothesis. 


(6) Inflammation, Infection and Trauma of Stones: Lubarsch 
expressed the belief that inflammation and infection stimulate heterotopic 


41. Luschka, H., cited by Halpert, 2.: Morphological Studies on the Gall- 
Bladder: I. A Note on the Development and the Microscopic Structure of the 
Normal Human Gall-Bladder, Bull. Johns Hopkins Hosp. 40:390-408, 1927; 
II. The “True Luschka Ducts” and the “Rokitansky-Aschoff Sinuses” of the 
Human Gall-Bladder, ibid. 41:77-103, 1927. 

42. Ribbert, cited by Kordenat.3% 


43. Cohnheim, J.: The Pathology of Nutrition, in Lectures on General Pathol- 
ogy, translated by A. B. McKee, London, The New Sydenham Society, 1889, 
vol. 2, pp. 746-821. 

“4. Reimann, S. P.: Biology of the Cancer Cell, in a Symposium on Cancer, 
Madison, University of Wisconsin Press, 1938, pp. 114-134. 
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epithelium of the gallbladder to grow and form adenomyoma; in his 
opinion, adenomyoma is not a disturbance of embryonic development ; 
he did not find epithelial heterotopia without inflammatory changes. He 
was unable to find adenomyoma in the fetus or the newborn, and the 
average age of his patients was 53.4 years; all this speaks against a 
disturbance of embryonal development. Bodnar, by means of serial 
sections, showed that the epithelium of adenomyoma comes from the 
mucosa of the gallbladder. King and MacCallum expressed the belief 
that adenomyoma is formed by metaplasia (heteromorphosis) of the 
mucosa of the gallbladder ; according to these authors, the tissue dediffer- 
entiates because of the suitable stimulus, inflammation, and then rediffer- 
entiates to any type of epithelium in the gastrointestinal tract. 

Gross Pathologic Description: This tumor is described as being 
invariably in the fundus of the gallbladder and as being single as a rule. 
Occasionally, the adenomyomatous tissue involves the entire gallbladder 
turning it into a thick-walled inelastic sac. Its color has been described 
as varying from reddish brown to white. A more or less characteristic 
dimple is observed in the mucosa covering the convexity of the tumor. 
On cross section the center is often solid with small cavities at the 
periphery ; these cavities may be so small that they are barely visible or 
may reach such a size that they are called cystadenoma. In general the 
cross section has a honeycombed appearance. 


Microscopic Pathologic Description: The tumior may involve any or 


all parts of the wall of the gallbladder from the mucosa to the serosa. 
The tumor usually is described as consisting of glandular structures, 
tubules that resemble Rokitansky-Aschoff sinuses and cysts that are in 
reality dilated tubules, both lined by a single layer of tall columnar epithe- 
lium with clear cytoplasm and large, oval, basally situated nuclei. 
Mitosis, when present, is orderly, and there is no violation of contiguous 
tissue. All these glandular structures penetrate the muscularis and may 
reach as far as the subserosa. The tubules and the cysts are surrounded 
by irregular masses of felted smooth muscle. In places, especially about 
the larger cysts, the smooth muscle is arranged concentrically about the 
glandular tissue; Eiserth expressed the belief that this and the increase 
of elastic fibers about the cysts are phenomena of compression. Eiserth 
and Nicod are the only investigators who mentioned hyperplasia of the 
smooth muscle in the tumor. In serial sections, the connection of the 
glandular elements with the lumen of the gallbladder can be traced, but 
in a single section the glandular elements may appear to be isolated deep 
in the muscularis or the fibrosa; such sections have been diagnosed as 
“adenoma deep in the wall of the gallbladder,” adenocarcinoma or pre- 
malignant lesion. 
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Buzzi and Lascano Gonzalez, Eiserth, Judd and Hoerner,* Kiraly 
and Pytel all stated that a small number of these tumors become malig- 
nant, but of these authors, Eiserth alone presented a case of adenocar- 
cinoma arising in an adenomyoma. Chiary, Nicod and King and 
MacCallum unequivocally stated that these tumors do not become 
malignant. 

Clinical Picture: These tumors are silent because of their position 
and small size; the signs and symptoms present in such cases are due 
to the concomitant chronic inflammation or stones or both. 

Diagnosis: To date a preoperative diagnosis is possible only by 
roentgenography. In the functioning or partially functioning gallbladder, 
an adenomyoma appears as a defect with the following characteristics : 
1. The defect is more radiolucent than the most radiolucent stones. 2. It 
is small (always less than 2.cm.). 3. It is always single and is located in 
the fundus. 4. It does not change position when the patient is moved. 
5. A tangential view at times shows the defect continuous with the wall 
of the viscus. 6. The defect is seen best in the twenty-four hour film. 

Complications: Eiserth, King and MacCallum and Schoenlank 
described infection in the tumor with the formation of intramural 
abscesses which may rupture into the peritoneal cavity and cause 
peritonitis. Concretions in the component cysts may form intramural 
gallstones. Hromeda and King and MacCallum mentioned prolapse of 
the tumor causing obstruction of the cystic duct. Occasionally, a portion 
of the tumor may break off and serve as the nidus for the formation of 
stone, as described by Risak. The more hyperplastic portions of some 
tumors may be mistaken for adenocarcinoma, and, finally, as Eiserth has 
shown, adenocarcinoma may develop in an adenomyoma. 

Findings.—The incidence of adenomyoma was the same as that of 
polypus—roughly 1 in every 100 cases in which cholecystectomy was 
performed. Adenomyoma occurred preponderantly among women—77 
(75 per cent) as against 26 men (25 per cent). The average age of the 
patients was 48.9 years; the oldest patient was 70 years old and the 
youngest 22 years. 

Gross Pathologic Characteristics: In 96 cases (93 per cent), 
the tumor was single and was located in the fundus of the gallbladder ; in 
5 cases there was generalized involvement (adenomyomatosis) ; in 1 
instance, the tumor was in the body of the gallbladder, and in 1, it 
occurred near the cystic duct. In some specimens the tumor could 
be made out from the serosal surface as a roughly round whitish thicken- 
ing of the wall. From the mucosal side, the tumor generally appeared 
as a circumscribed hemispherical thickening of the wall and usually pro- 


45. Judd, E. S., and Hoerner, M. T.: Adenoma and Adenomyoma of the Gall- 
bladder, S. Clin. North America 15:1091-1097 (Oct.) 1935. 
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jected slightly into the lumen of the gallbladder; in no case was the 
growth pedunculated or sessile. About a third of the tumors (35 per 
cent) were less than 1 cm. in diameter ; another third (34 per cent) were 
1 cm. in diameter ; only 5 tumors were 2 cm. or more in diameter. The 
tumors varied from yellowish white to gray red. As a rule, the edges 
of the growth were demarcated clearly from the adjacent wall of the 
viscus, but in a few instances the tumor blended with the wall so that it 
was difficult to distinguish the extent of the tumor until it was cross 
sectioned. In cut section, multiple small cystic regions gave the tumor 
a honeycombed appearance. Gallstones were present in 60 per cent of 
the specimens; stones of all types occurred, no variety predominating. 








a, Te ee oe 








Fig. 2—Adenomyoma of the gallbladder (stained with hematoxylin and eosin; 
x 80). The cysts contained invaginations of tall columnar epithelium supported by 
stroma of fibrous. connective tissue. Note the bands of smooth muscle between 
cysts. 


Intramural gallstones were present in 3 of the neoplasms. Cholesterosis 
(strawberry gallbladder) was present in 27 cases; papilloma was present 
in 12 and polypi in 4 cases. 

Microscopic Pathologic Characteristics: The tumors consisted of 
epithelial-lined spaces surrounded by smooth muscle (fig. 2). The epi- 
thelium was a single layer of tall columnar cells made up of clear cyto- 
plasm and large, oval, dark-staining, basally situated nucleus ; it resembled 
the epithelium of the gallbladder in all respects. The epithelial-lined 
spaces varied from less than 1 mm. to 15 mm. in diameter. _ In places, 
the lining was regular and smooth; in others, it was thrown into small 
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‘olds formed by epithelial invaginations, giving the cyst a crenated 
appearance. Other cysts contained larger invaginations consisting of 
epithelium alone or epithelium on a stromal core of white fibrous tissue 
ontaining small blood vessels and an occasional strand of smooth muscle. 
\t times the cysts anastomosed, but as a rule they were discrete. 

In portions of 6 tumors, the epithelial elements were hyperplastic, 
forming a complex structure of small, adjacent, discrete and anastomosing 
cysts lined by tall columnar epithelium; in these hyperplastic regions 
there was no fibrous tissue or muscle. In none of these regions were 
there any signs ualignancy, and the regions changed over rather 
abruptly to the commoner picture already described. Smooth muscle 
surrounded the epithelial structures except in those regions just 
described; the muscle varied from irregular clumps of felted muscle 
to regular bands of smooth muscle. In some portions, the cysts were 
surrounded by loose white fibrous tissue, which separated them from 
the enveloping smooth muscle. The cystic structures could be seen to 
originate as downgrowths from the mucosa of the gallbladder when the 
section was cut at the right point. The muscularis of the tumor was 
hyperplastic; its average thickness in the tumor was 5.5 mm. (eleven 
times the thickness of the muscularis of the normal gallbladder). 
\Ithough the muscularis of the uninvolved portions of the viscus often 
was thickened, it never approached the thickness of the adenomyomatous 
portion. 

Signs of chronic inflammation were present in almost every case. 
Lymphocytes were present in more than normal number in almost every 
instance ; they varied from scattered cells to sheets and clumps of lympho- 
cytes. This might have been due to the presence of stones. Unlike 
polypi of the gallbladder, the adenomyomas contained more abundant 
lymphocytes than the uninvolved portions of the gallbladder. The 
lymphocytes were most numerous about the cysts. Intramural abscess 
or abscesses were encountered in 15 specimens (15 per cent); these 
were adjacent to the cysts. In 3 cases, intramural stones were present; 
they consisted of cholesterol clefts surrounded by distorted columnar 
epithelium and bile pigment. 

Clinical Picture: The average duration of symptoms was three and 
nine-tenths years, the longest being twenty-five years and the shortest 
three weeks. In 74 cases (72 per cent), a history of cholecystic disease 
was elicited; the distressing symptoms were those already enumerated 
in the discussion of polypus. In 55 (53 per cent), a definite history of 
severe colic in the right upper quadrant of the abdomen, with or without 
extension of pain, was given. Twenty-five patients (24 per cent) had 
been jaundiced on one or more occasions, and on examination, 6 were 
icteric. Tenderness in the right upper quadrant of the abdomen was 
discovered in 38 cases (37 per cent). 
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Diagnosis: A diagnosis of cholecystic disease with or without stones 
was made in 72 (70 per cent) of the 103 cases. In 10 cases, a preopera- 
tive diagnosis of tumor of the gallbladder was hazarded by virtue of 
cholecystography. Of the laboratory procedures, cholecystography was 
the only one of aid in diagnosis. In 73 cases, reports of roentgen stud 
of the gallbladder by the oral dye method were available. In 15 of the 
73 (20 per cent), normal function without defects was reported; in 48 
(66 per cent), some degree of impaired function or defects interpreted 
as stones or both were reported ; in 10 cases (14 per cent), normal func- 
tion of the gallbladder was reported, and, in addition, a defect in the 
shadow at the fundus was interpreted as tumor of the gallbladder. In 
each of these 10 cases the lesion was shown at operation to be adeno- 
myoma. 


Complications: Intramural abscess occurred in 15 cases (15 per 


cent); the abscess was discovered only at microscopic examination. 
Intramural stone occurred in 3 of the gallbladders. No malignant lesions 
were encountered. 

The rarity of adenomyoma of the gallbladder is attested by all writers 
on the subject, the incidence given varying from 1 per cent in material 
examined at necropsy (Nicod) to 9.5 per cent in gallbladders removed 
at operation (King and MacCallum). In this group of cases, the inci- 
dence of adenomyoma is roughly about 1 tumor in every 100 gallbladders 
removed at operation. Nicod found adenomyoma of the gallbladder 
equally divided between the sexes; in this group, women predominated 
by 3 to 1 (77 women to 26 men) ; this could be due to the higher inci- 
dence of cholecystic disease in women. 

The abundant evidence of chronic inflammation and stones found in 
this group of cases might be interpreted as favoring the roles of inflamma- 
tion and the trauma of stones in the causation of adenomyoma as 
championed by Buzzi and Lascano Gonzalez, King and MacCallum, 
Kordenat, Lubarsch and Luschka; in almost every case, chronic inflam- 
mation was more evident in the adenomyoma than in the uninvolved 
portion of the gallbladder, which was as a rule itself chronically inflamed ; 
in 15 per cent, inflammation reached the stage of formation of abscess. 
Stones were present in 60 per cent of the gallbladders. However, one 
must not overlook the surmise of both Eiserth and Nicod that this 
inflammation may be secondary to the tumor. There is also a selective 
factor in this group of cases; the gallbladders were removed in an effort 
to relieve the symptoms of chronic cholecystitis or cholelithiasis or both, 
and one must not underestimate the importance of the stones as a cause 
of the chronic inflammation seen. 

There are several points in favor of the hypothesis that adenomyoma 
oi the gallbladder is a congenital anomaly, as supported by Abell, Aschoff 
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nes and Bacmeister, Eiserth, Hromeda, Nicod and Ribbert. They pointed 
Ta- out that the constant location in the fundus, the site of other congenital 
of malformations, such as congenital diverticulum, favors the hypothesis of 
was embryonal origin; in this group of 103 cases, 96 of the tumors were con- 
udy fined to the fundus; in 5, the entire gallbladder was involved, and in only 
the 2 was the tumor localized away from the fundus. In addition, the gen- 
48 eralized tumors and the ones located away from the fundus were smaller 
ted tumors. On the other hand, in no section was any embryonal tissue seen 
inc- nor is any described in the literature. Congenital anomalies usually are 
the manifest in early life; the average age of this group of patients was 
In 48.9 years. This is in agreement with the findings of Lubarsch whose 
no- patients’ average age was 55 years and Eiserth whose patients’ average 
age was 59 years. Congenital anomalies have the further characteristic 
per of occurring in multiple locations. In this, as in Nicod’s series, adeno- 
ion. myoma was the only tumor apparent; however, Ejiserth found other 
ions benign hamartoblastomatous tumors in cases of adenomyoma of the 
gallbladder. 
ters The pathologic characteristics of the tumors studied have been 
rial described already and are identical with the descriptions given in the 
ved literature, with two exceptions: first, in 6 cases there was considerable 
nci- hyperplasia of the epithelial elements in a portion (usually central) of 
ders the tumor and, secondly, there was complete absence of any signs of 
ider malignancy. The absence of malignancy is in agreement with the find- 
ated ings of Chiray, King and MacCallum, Nicod and Wellbroch. On the other 
nci- hand, Buzzi and Lascano Gonzalez, Eiserth and Pytel all stated that 
these tumors become malignant. Only Eiserth described a case of adeno- 
d in carcinoma arising in an adenomyoma of the gallbladder. 
ma- There was no characteristic set of symptoms related to this tumor; f 
1 as this confirmed the experience of Abell, Buzzi and Lascano Gonzalez, 
lum, Judd and Hoerner and Eiserth. Robson and Weidlinger both expressed 
lam- the belief that adenomyoma might play some part in the production of 
Ived pain by interfering with contraction of the gallbladder. The small size 
ned : of the tumor and its position away from the cystic duct are probably the 
cess. reasons for the lack of symptoms. In cases in which there is colic of 
one the right upper quadrant of the abdomen but no pathologic condition 
this other than chronic cholecystitis and adenomyoma, the possibility of a 
ctive passed gallstone must be considered. 
ffort Complications: There were small intramural abscesses in 15 cases 
noth, and intramural stones in 3. King and MacCallum and Schoenlank men- 
ause tioned the possibility of rupture of the intramural abscesses into the 
peritoneal cavity with the development of peritonitis; in none of the 15 
or cases of abscess was peritonitis present. Prolapse of the tumor with 
cno 


obstruction of the cystic duct as described by Hromeda, King and 
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MacCallum and Klose and Wachsmuth was not encountered, nor had 
a portion of any tumor become detached, as mentioned by both Phillips 
and Risak. 


FIBROMA 


Literature —Albers * © .nd and reported a submucous fibroma of the 
gallbladder. Walthard ** rcported a similar case in detail: The wall of 
the gallbladder was thickened, and there were abundant signs of chronic 
inflammation. The gallbladder contained several pigment and cholesterol 
stones. The tumor involved most of the wall, the signs of chronic 
inflammation being greatest where the tumor was thickest. It consisted 
of fibroblastic cells with little cytoplasm; in places, the cells were so 














Fig. 3—Fibroma of the gallbladder (stained with hematoxylin and eosin; 
x 55). Note large mononuclear cells that resemble ganglion cells. Cresyl violet 
and Bodian stains failed to reveal any nervous tissue. 


numerous that the growth resembled sarcoma. At some points it simu- 
lated neurofibroma, but no nervous tissue cells were present. Walthard 
attributed the tumor to chronic inflammation. 

Findings.—There were 2 cases of fibroma of the gallbladder ; in both 
cases the tumor occurred at the fundus, and in both cases stones were 


46. Albers, cited by Hanser, R.: Gallenblase und Gallenwege, in Henke, F., 
and Lubarsch, O.: Handbuch der speziellen pathologischen Anatomie und Histol- 
ogie, Berlin, Julius Springer, 1929, vol. 5, pt. 2, pp. 748-860. 

47. Walthard, B.: Ueber diffuse Fibromatose der Gallenblase, Zentralbl. f. Chir. 
52:341-344 (Feb. 14) 1925. 
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present. One tumor was 8 and the other 12 mm. in diameter. One 
tumor was found incidentally in the gallbladder at operation for car- 
cinoma of the stomach ; the other occurred in a case in which the patient 
vave a history of attacks of colic in the right upper quadrant of the 
abdomen accompanied by acholic stools, dark urine, nausea, vomiting and 
jaundice. The cholecystogram showed a nonfunctioning gallbladder. 
In both cases there was ulcerative cholecystitis. The tumors extended 
from the mucosa to the serosa and consisted of relatively acellular white 
fibrous connective tissue. Scattered through both tumors were a few 
lymphocytes. One tumor contained many mononuclear giant cells with 
pseudopods that gave them the appearance of nervous tissue cells similar 
to anterior horn cells; however, cresyl violet and Bodian stains showed 
that they did not originate from nervous tissue (fig. 3). 

The 2 cases encountered are like Walthard’s in that in both the gall- 
bladders contained stones and the tumors were infiltrated by lymphocytes. 
In no portion of either tumor was there the sarcoma-like cellularity that 
he described. It is interesting that he mentioned that at first glance the 
tumor resembled neurofibromatosis of the skin, for in 1 of the cases 
already described there were many large cells that resembled nervous 
tissue cells ; however, cresyl violet and Bodian stains disproved an origin 
from nervous tissue, and the cells were probably mononuclear giant cells. 
The location of both tumors in the fundus speaks for their being con- 
genital, but the abundant signs of chronic inflammation are in favor of 
the inflammation as the stimulus to growth of fibrous tissue. Like adeno- 
myoma and polypus these tumors showed no characteristic clinical 
picture. 

SUMMARY AND CONCLUSIONS 


On the basis of a review of the literature and a study of 150 cases of 
benign neoplasms of the gallbladder encountered at the Mayo Clinic 
from Jan. 1, 1906, to Dec. 31, 1938, inclusive, the following conclusions 
were drawn: 

The benign neoplasms of the gallbladder are polypus, adenomyoma 
and fibroma; they usually occur in the middle decades of life. 

Benign neoplasms of the gallbladder are rare. Polypus and adeno- 
myoma each occur once in roughly every 100 gallbladders removed at 
operation. 

Chronic inflammation is the constant concomitant of benign neo- 
plasms of the gallbladder, particularly when stones are present. Chole- 
lithiasis is frequently present in the gallbladder bearing a benign 
neoplasm. Chronic inflammation and the trauma of gallstones probably 
play a role in the causation of benign neoplasms of the gallbladder. 
However, congenital misplacement of tissue may be an additional factor 
in the causation of adehomyoma of the gallbladder. 
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No characteristic clinical picture is exhibited by these tumors; the 
symptoms and the physical findings are those of the concomitant chronic 
cholecystitis or cholelithiasis or both. The only means of preoperative 
diagnosis is cholecystography. 


The incidence of malignant changes in these neoplasms is low; two 
malignant lesions (in the same gallbladder) occurred in 45 cases of 
polypus of the gallbladder; no malignant lesion was discovered in 103 
cases of adenomyoma of the gallbladder or in 2 cases of fibroma of the 
gallbladder. 

Intramural abscess and intramural gallstone occur as complications 
of adenomyoma of the gallbladder. 

The possibility of malignant change or complications, such as intra- 
mural abscess, as well as the constantly present chronic inflammation and 
the frequently present gallstones calls for the removal of gallbladders 
containing a benign neoplasm. 
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No other subject in the realm of disorders of the central nervous 
system offers more immediate rewards to study or is more timely than 
injuries of the brain. This is particularly true at present with practically 
the entire world committed to war. With the emphasis now being placed 
on motorized and mechanized warfare, a soldier is now about as apt to 
sustain an injury to the head from a “traffic” accident as he is from 
bullets or fragments of high explosive shell, at least insofar as injuries 
minor enough to permit the patient to reach trained medical attendants 
are concerned. It is therefore apropos in this discussion of injuries of 

the brain to review once. more that intriguing problem of the mechanism 

{ coup-contrecoup traumatisms of the brain, once the catchword of every 

junior medical student but now almost completely forgotten in the rush 

of matters of more immediate clinical concern. It is the purpose of this 

paper to reopen the subject of “closed injuries” of the brain, to consider : 
their basic mechanism and to draw a few conclusions which seem to be of 

linical importance. 


HISTORICAL NOTE 


















The term contrecoup, while commonly used, has a none too certain 
history. It was introduced by a group of French surgeons (who were \ 
responsible for the famous “Memoirs of the Royal Academy” and of 
whom Louis was an outstanding exponent) in the latter half of the 
eighteenth century, although injuries of the brain on the side opposite 
the point of impact were first recorded by Fallopius in the latter part 
| the sixteenth century and by Valsalva in 1700. The term was 
utended to signify an injury (contusion) of the brain at a point opposite 
to that sustaining the impact of the blow. Such lesions were probably 
ommon enough, for the term is constantly encountered in the surgical 
literature of the nineteenth century, particularly the latter half. The 
hilosophy originally proposed was essentially the correct one, i. e., that 
scillations of the brain set up at the point of irapact traverse the skull 
nd injure the brain by local vibrations against the inner table of the 


From the Cajal Laboratory of Neuropathology, Los Angeles County Hospital, 
the Department of Neurology, College of Medical Evangelists. 
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skull. Because, however, this theory could not account for fractures 
the skull, it was replaced by one suggested by Bruns, which explained 
the presence of these contusions by a temporary change in the form of the 
skull. This theory, closely tied up with the mechanism of bursting frac- 
tures, evidently held sway for many years, and even as astute an observer 
as Cushing was influenced by it.t As far as I have been able to deter- 
mine, it was LeCount and Apfelbach? who added the concept that the 
head must be in motion to account for these contrecoup contusions. It is 
the object of this study to show that the original concept of transmission 
of force through the brain, rather than any bending or bursting effect on 
the skull, is probably the correct explanation of the lesion, and that the 
location and the nature of lesions produced by this mechanism are 
actually to be explained by the anatomic conformation of the skull and 
the relation of the cranial cage to the brain. 


SURVEY OF SOURCE MATERIAL 


This study is based on a review of 206 consecutive cases of fatal 
injury of the brain in which contusion of the brain sustained while the 
head was in motion was found. The details on which this study is based 
were sifted out of longe- records in the Cajal Laboratory by two of my 
former students, Drs. “rnest M. Stanton and Lester S. Gale, and were 
included in an earlier survey of craniocerebral trauma.* Some few 
additional cases of diffuse contusion of the occipital lobe * and traumatic 
intracerebral hemorrhage * (which have been described in other contribu- 
tions) also have been included in this survey. All of the patients 
sustained their injuries as the result of automobile collisions, by being 
struck by a motor vehicle or a train, or as the consequence of falls. 
Of this number, 179 (87 per cent) of the persons were males; 27 (13 
per cent), females. The incidence of fatal cases in the ten decades of 
life, was respectively, 15, 15, 20, 28, 48, 31, 26, 17, 1 and 1. Of the 202 


1. Cushing, H.: Surgery of the Head, in Keen, W. W.: Surgery: Its Prin- 
ciples and Practice, Philadelphia, W. B. Saunders Company, 1919, vol. 3, pp. 69 
and 70. 


2. LeCount, E. R., and Apfelbach, C. W.: Pathologic Anatomy of Trau- 
matic Fractures of Cranial Bones and Concomitant Brain Injuries, J. A. M. A. 
74:501 (Feb. 21) 1920. 


3. Courville, C. B.: Effects of Trauma on the Central Nervous System, in 
Pathology of the Central Nervous System, Mountain View, Calif., Pacific Press 
1937, p. 216. 

4. Courville, C. B.: Diffuse Cortical Contusion of the Occipital Lobe, Arc! 
Path. 20:523 (Qct.) 1935. 


5. Courville, C. B., and Blomquist, O.: Traumatic Intracerebral Hemor: hag 
Arch. Surg. 41:1 (July) 1940. 
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ases in which the survival period was known, death occurred on the first 
lay in 69 cases (34.1 per cent) ; on the second day in 23 cases (11.3 per 
ent): on the third day in 20 cases (9.9 per cent); on the fourth day 
12 cases (5.9 per cent); on the fifth and sixth days in 7 cases each 

3.4 per cent), and on the seventh day in 5 cases (2.4 per cent). Death 
came in the second week in 32 cases. The remaining 27 patients (13.6 
per cent) survived more than two weeks. 




















In order of frequency, the location of scalp wounds (indicating the 
area which received the brunt of applied force) was parietal in 57 cases, 
occipital in 52 cases, frontal in 43 cases, temporal in 35 cases, vertical 
in 4 cases and either unknown, not stated or not evident in 15 cases. The 
common sites for cerebral contusion were as follows: the temporal lobe 
n 145 cases (the dorsolateral and inferior surfaces in 101 cases and the 
temporal pole in 44 cases) and the frontal lobe (chiefly the basilar 
surface) in 84 cases. 

On analyzing the various special situations, certain important deduc- 
tions regarding the mechanism of coup-contrecoup injury of the brain 
were made possible. A brief survey of these data is therefore in order. 
Contusions, abrasions and lacerations of the frontal scalp, indicating that 
the projected head had met with some immovable or relatively immobile 
object in this region, were found in +3 cases. In this group the frontal 
lobes alone were contused in 26 cases, the temporal lobes alone, in 11 
cases, while both the frontal and the temporal lobes were affected in 


O cases. 






















Traumatic lesions of the occipital scalp were present in 52 cases. In 
51 of these cases, the cerebral lesions were obviously contrecoup, the 
frontal lobes (21 cases), the temporal lobes (14 cases) or both (16 cases) 
being the seat of the contusions. In 1 case, a parietal contusion was 
lue to depressed skull fracture, therefore a direct lesion, and in another, 
in which contrecoup temporal contusions also were present, a severe 
ccipital contusion resulted from a depressed skull fracture, also a direct 
1€$10n., 
Parietal and temporal scalp injuries, indicative of a lateral projection 
ot the head, were found in 92 cases (largely or exclusively parietal in 57, 
| largely or exclusively temporal in 35). In the parietal group, the 
najor cerebral contusions were contrecoup in 49 of 57 cases. The dorso- 
lateral and inferior surfaces of the temporal lobes alone were affected 
31 cases, the middle portion of the lobe being predominantly contused. 
e basilar surfaces of the frontal lobes were exclusively affected in 9 
ases. Both the frontal and the temporal lobes were contused in 6 cases. 
2 cases, the opposite parietal lobe seemed to be predominantly affected, 
din 1, the occipital lobe was contused, obviously not a coup-contrecoup 
ct of a parietal injury. In 8 cases, the chief contusions seemed to be 
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on the side of the injury. The parietal lobe was contused in 3 cases: 
the temporal lobe, in 1; the frontal Jobe, in 1, and both the frontal and 
the temporal lobes, in 3 others. 

In the group with scalp injuries predominantly temporal in location 
(35 cases), the major cerebral contusion was contrecoup in 24 cases 
A direct or coup contusion also was present in 7 cases. The inferolatera] 
surface of the temporal lobe was the seat vi the contusion in 20 cases; the 
basilar surface of the frontal lobe, in 3, and both the frontal and the 
temporal lobe, in 1 additional case. In 11 cases, the major contusion was 
a direct or coup lesion, probably due to local severe fractures in at least 7 
of this group in which such fractures were evident. Some of the contu- 
sions had to be explained otherwise, however, for the lesions in some 
instances were typical of the coup-contrecoup mechanism. The homo- 
lateral temporal lobe was affected in 6 cases; the frontal lobe, in 3 cases; 
both lobes, in an additional case, and the parietal lobe in 1 case. 

In 4 cases of scalp injuries of the vertex, the essential (contrecoup) 
contusion was in the basilar frontal region in 3 cases, and in the anterior 
temporal lobe, in 1 case. 


PATHOLOGIC DEDUCTIONS 


On the basis of observations made in this group of cases and in 
another group of traumatic intracerebral hemorrhages, the following 
deductions were made, which will serve as a basis for a discussion of the 
mechanism of coup-contrecoup lesions of the brain. 


1. When the projected head strikes in the frontal region, coup con- 
tusions of the basilar surface of the frontal lobe, or, less often, of the 
anterior portion of the temporal lobe or of both tend to be present. 
Contrecoup lesions of the occipital lobe are never produced by this 
mechanism. 


2. When the projected head strikes in the occipital region, contre- 
coup contusions of the subfrontal or, somewhat less often, of the anterior 
temporal region or of both is the rule. A coup, or direct, lesion results 
only from a local depressed fracture of the skull. 


3. In either event, the frontal or the temporal lobe opposite to th 
area of impact is predominantly affected. The nearer the midline of the 
head is to the application of force, the more likely will be the bilaterality 
of the lesion, particularly of a major one. 

4. When the falling head strikes in the occipital region to produce 
a linear fracture which extends down into the posterior fossa toward or 
near the foramen magnum, a direct or coup contusion of the adjacent 
inferior surface of the cerebellum almost invariably results. As will be 
explained later, linear fractures of the vault rarely produce underlying 
contusions ; similar fractures of the base of the skull are more likely to 4 
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his. Contrecoup contusions of the contralateral or bilateral subfrontal 
and often anterior temporal) regions likewise are almost always a con- 
comitant lesion. 

5. When the projected head strikes on its side (1. e., the temporal or 
parietal regions), the major contusion is a contrecoup one, affecting the 
opposite temporal lobe, usually the inferolateral surface. Involvement 
of the adjacent frontal and parietal areas (superficial contusion) also 
may occur with purely lateral applications of force. Smaller coup lesions 
also may be found, but they occur in only a small proportion of the cases. 


6. When the projected head strikes on the central vertex, the line 
of force being directed forward, contrecoup contusions of the subfrontal 
or anterior temporal regions are the rule. 

7. When the moving head strikes at the vertex or the high parietal 
region, the line of force being directed backward, a relatively rare type 
of contusion (diffuse contusion) may result on the medial or the lateral 
surface of the temporo-occipital region—a homolateral but contrecoup 
effect. It is probably to be accounted for on a vascular basis. 

Since these lesions consistently occur as just outlined, they may be 
taken as a basis for an analysis of the mechanism of coup-contrecoup 
injuries of the brain. Apparent exceptions, as a rule, can be accounted 
for on the basis of the effect of severe fractures, usually depressed, with 
local injury of the subjacent portion of the brain or on the basis of 
multiple applications of force by this or some other mechanism. 

While in this study chief attention is being paid to contusions of the 
brain, it is well to remember that in some cases subdural hemorrhages 
and hematomas and more often gross intracerebral hemorrhages and 
even petechial hemorrhages are to be included in the group of lesions 
of the brain resulting from the coup-contrecoup mechanism. 


APPLIED ANATOMY 


For the purposes of this study, the interior of the skull above the 
tentorium may be considered as a hemisphere, the interior of which is 
marked only by slight irregularities, most marked in its inferior and 
anterior reaches. Even these irregularities are modified by being 
smoothly covered by the dura mater. The dome-shaped calvarium is 
partially divided by the falx cerebri, beneath the arch of which there 
is free communication from one side to another. This communication 
permits of a certain amount of dislocation of the nervous tissues from 
side to side. It is likely that it is this increased mobility of the central 
t ganglionic portion of the brain which makes traumatic injury of these 
parts by this mechanism a practically unheard of complication 

The base of the skull stands out in contrast to the relatively smooth 

iult by the presence of its major and minor irregularities. The major 
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irregularities are the three cranial fossae on either side, the separating 
borders of which are the sharp sphenoid and petrosal ridges. The 
anterior fossa is marked by a slightly irregular central eminence or dome, 
the roof of the orbit which is formed by the thin orbital plates of the 
frontal bone. Not only because they are thin but also because they are 
arched, these plates may be fractured by contrecoup force. The weight 
of the nervous tissue driven downward against these small domes as the 
result of severe force produced by falls on the upper and posterior part 
of the head is sufficient at times to result in eggshell fractures of this 
plate. Such fractures in turn result in traumatism of the orbital tissues 
sufficient to produce, and often responsible for, hemorrhage manifested 
by the “owl eye” of the injured patient. 

The dome of the orbital plate is surrounded in front and laterally 
by a groove the paramedian portion of which, lying over the cribriform 
plate, is deeper than is usually appreciated. It is separated from its 
fellow of the opposite side by the crista galli. It is the depth of this 
sulcus, together with the irregularity of its walls, which contributes 
largely to the common median subfrontal contusions, which so often 
involve the olfactory bulb. It is the more shallow lateral groove which 
accounts for the inferolateral tears which often initiate one type of 
traumatic intrafrontal hemorrhage. 

The middle fossa is a rounded depression, the floor of which is 
marked by fairly deep convolutional grooves which course antero- 
posteriorly but which tend to fade out posteriorly and over the lateral 
wall of the fossa. The anterior portion of the fossa is overhung by the 
sphenoid ridge, making a bony pocket from which the temporal pole can 
scarcely escape from the effects of either frontal or occipital collisions. 
The floor of the middle fossa is continuous posteriorly with the smooth 
upper surface of the tentorium. 

The anatomy of the posterior fossa is of relatively little importance 
in a discussion of coup-contrecoup injuries, for when severe force is 
applied to this part of the cranial basis, death is likely to result owing 
to the effect of shock on the vital centers. The nonfatal effects of trauma 
applied by this mechanism to the occipital bone result in but one out- 
standing lesion—a linear vertical contusion of the adjacent ventral 
surface of the cerebellar lobe, an immediate consequence of linear frac- 
tures of the squamous portion of the occipital bone which run down- 
ward and forward into or near the foramen magnum. 

These essential anatomic details are shown in the accompanying 
photographs of the base of the skull (fig. 1). 

The peculiar relations of the brain to the cranium which are of 
primary importance in this connection should be briefly noted. In gen- 
eral, the more irregular the bony walls of the skull are and the more 
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ompletely the portion of the brain concerned is enveloped by them, the 
ore likely it is that that part is to sustain coup or contrecoup contusions. 
Further, the peculiar type and distribution of the contusions are directly 
lependent on the contour and elevation of the adjacent bony walls. 
The attachments of the brain also play a definite although much less 
conspicuous part in the production of the ultimate lesion. The relative 
fixation and rigidity of the upper medial border of the cerebral hemi- 
spheres due to fixation by the exits of the superior cerebral veins to the 
falx at the superior longitudinal sinus, more than likely account for the 
comma-shaped petechial, or even larger, hennorrhages (the result of tear- 
ing of small subcortical venous radicals) which are not infrequently 
found in the adjacent cerebral centrum, particularly in the frontal lobes. 


Fig. 1—Anatomic picture of the base of the skull showing, by lights and 
shadows, the dome of the orbit (a) with its shallow lateral groove (b) and the 
deeper medial (olfactory) groove (c), as well as irregularities on the floor of 
the middle fossae of the skull, which are here thrown into relief (d). 


While the attachments of the brain to the cranial basis incident to the 
passage of the nerves do not contribute so definitely to the production 
of gross lesions, such attachments do promote a considerable intimacy of 
the nervous and bony tissues which favors the production of local con- 
tusions by linear fractures. While this development is not so common 
in the anterior and middle fossae of the skull as in the posterior ones, it 
does occur and thus alters the pathologic picture resulting from the coup- 
contrecoup mechanism. 


Relation of Fractures to Contusions of the Brain.—It is necessary at 
this point to consider the relation of fractures of the skull to injury of the 
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brain, a relation which has been considerably overemphasized in an era 
not entirely past. There are certain matters pertaining to fractures and 
their influence on the pathologic picture which follows injuries sustained 
with the head in motion which here need to be underscored. In the first 
place, the location of the fracture tends to indicate the point of application 
of maximum force and therefore should suggest the line of transmission 
of force and its consequences. For example, a linear fracture of the 
occipital bone sustained in a fall should suggest the likelihood of a cor- 
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Fig. 2.—Diagrammatic representation of the course of fracture lines through the 
cranial basis, showing how such fractures serve as an index of the direction of 
applied force (adapted from Rawling, L. B.: The Surgery of the Skull and Brain, 
London, Oxford University Press, 1912, pp. 85-88). 


responding coup cerebellar contusion and contrecoup contusions of the 
subfrontal and temporal polar regions of one or both sides. It also is 
necessary to remember that multiple fractures of the skull may indicate 
multiple sites of application of force with consequent multiplicity of 
mechanisms of cerebral injury. 
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Secondly, the direction of the fracture line generally shows the direc- 

n of the traumatizing force, although this line of the fracture may be 
nfluenced somewhat by the peculiar anatomic relations (e. g., buttresses, 
basilar foramen: , of the portion of the skull affected. Nevertheless, by 
. study of many instances this point is sufficiently well established to 
cay that the direction of the fracture line is definitely useful in evaluating 
the consequent damage to the brain. This principle is illustrated in 
figure 2. 

For the reasons outlined, it is obvious that linear fractures of the 
cranial basis are much more apt to produce contusions of the brain than 
linear fractures of the vault. Only rarely does a linear fracture of the 
vault produce such a contusion and then only when it is unusually long, 





Fig. 3.—Diagrams showing the effect of a fall on the back of the head; 4, 
coup contusion of the adjacent right cerebellum and contrecoup contusion of both 
the subfrontal and the left anterior temporal regions; B, diffuse contusion (contre- 
coup) of the median temporo-occipital cortex. 


sufficiently so to permit transitory dislocation against the brain of the 
bone forming one margin of the fracture. Fractures of the anterior and 
middle fossae do not necessarily produce a contusion by themselves unless 
severe or accompanied by displacement of bony fragments. In my 
experience, fractures which cross these fossae transversely are much 
more apt to produce contusions than those which course anteroposteriorly. 
This is probably to be explained by the naturally greater transverse 
irregularity of these fossae. 

\s has already been mentioned, vertical linear fractures of the 
<cipital bone are especially prone to produce contusions of the cere- 
bellum, so much so that such fractures should make one presume the 
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likelihood of such a contusion (fig. 3A). Fortunately, the clinical 
effects are transitory, owing to the recoverability of cerebellar function. 

In this consideration, we are not including compound comminuted 
depressed fractures, the traumatizing effect of which on the underlying 
brain is a foregone conclusion. It should be definitely restated that even 
those contusions consequent to linear fractures are purely incidental. 
Contusions of the brain characteristic of the coup-contrecoup mechanism 
of injury are entirely independent of fractures of the skull. Moreover, 
the great majority of fractures are, in and of themselves, unaccompanied 
by any direct effect on the brain. Finally, it should be remembered that 
the most serious immediate result of fracture is the laceration of menin- 
geal vessels (less commonly, of the dural sinuses) with extradural or 
subdural hemorrhage or the creation of avenues of infection (and/or air) 
into the intracranial chamber. 


BASIC CONCEPTS 


It should now be recognized, even by superficial students of the sub- 
ject, that every type of trauma to the brain produces its own peculiar 
train of lesions. For example, it is not profitable to compare the patho- 
logic effects of birth injury with those of “punch drunk”’ persons because 
of the wide diversity of their individual effects. Nor can one adequately 
interpret the characteristic effects of a gunshot wound of the brain with 
injuries consequent to falls or traffic accidents. When one undertakes 
to study the lesions of the so-called closed injuries, that is, those which 
may occur independent of any fracture, one should be prepared to visualize 
a group of lesions peculiar to the coup-contrecoup mechanism, developed 
as an immediate or, at times, delayed consequence of head injury sus- 
tained while the head is in motion. 

In order to lay the requisite basis for discussion of the possible 
mechanism of coup-contrecoup lesions, a group of postulates is herewith 
presented : 


1. The group of lesions recognized to be due to the coup-contrecoup 
mechanism occur only when the moving head strikes a stationary or rela- 
tively stationary object. 

2. These lesions are the direct result of a peculiar application of 
force to the head and, as a general rule, are not due to fractures of the 


skull, although they may be modified, altered or complicated by such 
fractures. 


3. The nature and the location of the resultant lesion are dependent 
on the anatomic relation of the injured part to its bony covering. The 
lesion may occur beneath the point (or area) of impact (coup lesion) 
or on the side of the brain diametrically opposite the point (or area) of 
impact (contrecoup lesion). 
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4. Other factors being equal, the extent of the injury is proportional 


to the force with which the head is projected against the traumatizing 


object. 

5. Contrary to previously expressed theories, contrecoup injuries are 
the result of the transmission of force through the tissues of the brain, 
bruising the opposite cortex against the irregular internal surface of the 
skull. 

6. The line of force is a straight one, unless deflected or interrupted 
by intervening structures of different consistencies. 

7. The consequent lesions of this mechanism are not necessarily 
identical, there being interposed in some instances a personal factor. 
This factor consists chiefly of personal differences in vascular resiliency 
(turgor, strength, flexibility), although differences in the intensity of 
the force, the area of the head primarily affected by it and the direction 
in which it was applied probably account for much of the variation in 
severity of the lesion. 

With these observations as a point of departure, a more critical 
analysis of each point will be undertaken. 





INJURY TO THE PROJECTED HEAD 
The essential difference in an injury to the brain sustained as a result 
of the coup-contrecoup mechanism as compared with blows to the head 
lies in the fact that when the head in motion strikes an immobile or rela- 
tively immobile object, the entire brain is affected by the shock; on the 
other hand, when the head is struck by a moving object, waves of force 
radiate only from the point of impact and diffuse out into the adjacem 
tissues. Because of the difference in density of the skull and dura as 
compared with that of the underiying brain, the violence of these waves 
of force is considerably lessened in crossing the subdural and sub- 
arachnoid spaces. It is also likely that the curved vault of the skull 
serves to diffuse considerably any force applied to it. While it is possible 
for a focal blow to derange cerebral function to the extent of producing 
unconsciousness, it may be taken as a rule that gross damage to the brain 
will not thus be produced unless the skull is fractured and the depressed 
fragments of bone act as a new traumatizing agent. 
This situation is modified, of course, in the case of gunshot wounds. 
A bullet is propelled with a high degree of force and penetrates the 
cranial vault at a given point, often with relatively small bony damage. 
In addition to the lacerating effect of the missile itself, the brain often 
suffers from a severe degree of shock incident to the waves of force 
thrown off by the bullet, which waves vary in intensity with the velocity 
‘ the missile. This shock may result in coma or even immediate death. 
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The traumatic action of the indriven fragments of bone is usuaily limited, 
with rapidly diminishing effect. The immediate effects of the bullet 
itself are therefore due not only to the damage along its track incident 
to laceration of the nervous tissue and the blood vessels but also to the 
expansile force of the waves of pressure throwr off in its passing. The 
devasting possibilities of this second effect were recognized in the experi- 
ences of the first World War, when the entire skullcap and contained 
brain were found to be blasted off by the passage through the base of 
the skull of a rifle bullet fired at close range. 

To get back to the subject, the contact of the head in motion with a 
stationary or relatively stationary object seems to add a new and different 
factor to the problem. The head itself becomes the missile, and the line 
of its trajectory becomes projected intracranially by a line, often broken 
or incomplete, of lesions of the brain. Just how these lesions are 
produced, remains to be shown. 


“CLOSED INJURIES OF THE BRAIN 


The lesions of the brain which follow the coup-contrecoup mechanism 
are essentially the result of force applied to the “closed” or unbroken 
skull, although, of course, the picture may be modified or complicated by 
an overlying fracture. Nevertheless, the group of lesions herein con- 
sidered is the direct consequence of a special application of force supplied 
by the moving head striking against a stationary or relatively stationary 


object. It is this important fact which must be borne in mind in evalu- 
ating the pathologic picture. 

Not always so easy to evaluate, however, are cases in which multiple 
mechanisms of injury have been present. A person might sustain a 
primary frontal injury by being thrown against the windshield in an 
automobile collision and a secondary parietal injury by being thrown 
against the door of the car as the machine turns over. It is possible for 
this secondary injury to result in widespread superficial contusion. If the 
patient survives his injury, the secondary contusions, by production of 
motor symptoms (convulsive seizures), may be of greater clinical signifi- 
cance than the primary ones, which may have resulted in impairment 
of the sense of smell. 


IMPORTANCE OF RELATIONS BETWEEN THE SKULL AND THE 
BRAIN IN THE PRODUCTION OF COUP- 
CONTRECOUP LESIONS 


It is an important truism that, next to the mechanism of the head in 
motion, the peculiar anatomic relation between the skull and the brain 
is the most important factor in the production of gross lesions. ‘The 
anatomic basis for this postulate has already been discussed in some 
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letail. If it were simply a matter of the brain moving within the skull, 
as has previously been postulated, a contusion of the brain would always 
result on the same and opposite sides of the brain. Put such is not the 
case. 

A simple example will make this point clear. When the projected 
head strikes with sufficient force in the right frontal region, right frontal 
contusion (coup lesion) will result, but there will be no contrecoup 
contusion in the left occipital region. Conversely, when a falling head 
strikes with sufficient force in the left occipital region, no direct or coup 
contusion results, but contrecoup contusion of the right subfrontal area 
results. In the first, the subfrontal lesion is coup; in the second, 
contrecoup, and in neither case is an occipital contusion produced. 

The explanation of the predominant localization of contusions in the 
subfrontal and inferolateral temporal regions of the brain, whether coup 
or contrecoup in causation, seems to be found in the relation of the brain 
to the enveloping skull in these regions. The tips of the frontal and 
temporal lobes lie enclosed in a bony pocket the walls of which present 
considerable irregularity. Contusions of the lateral aspects of the brain, 
such as result from a lateral projection of the head, are always more 
superficial and widespread because no marked irregularities of the bony 
wall are here present. The occipital lobe is bounded on two of its three 
surfaces by the falx cerebri and the tentorium, the smooth and curving 
surfaces of which, as well as their relative resiliency, seem sufficient to 
prevent gross injuries to the brain in this region. 





PARALLELISM OF 





DEGREE OF FORCE AND SEVERITY OF LESION 





The postulate that, other factors being equal, the severity of the lesion 
is proportional to the degree of force with which the head is projected 
against an object seems self explanatory. It is therefore necessary only 
to emphasize certain important clinical features that this point is con- 
sidered. In the first place, some estimate of the severity of the contusion 
may be gained from the duration of the preliminary coma. From a study 
of cases in which there was injury to the head but in which death actually 
resulted from other traumatic lesions, it has been learned that contusion 
of the brain is not likely to exist unless the person has been unconscious 
for approximately six hours. In other words, it takes a shocking force 
sufhcient to result in a six hour coma to produce contusion of the brain. 
Shorter intervals of coma may, however, be coexistent with contusions 
of the brain in children. In 1 case, it was insisted by the parents that a 
Mexican boy was never unconscious after a fall from a building, and 

at autopsy some years later a moderate-sized healed contusion of the 
temporal lobe was found. On this basis, in the majority of patients with 
prolonged coma not due to other causes than the shock itself and in 
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whom the coup-contrecoup mechanism has taken place, contusion of the 
brain has probably been sustained. 

From another viewpoint, the finding of contusion at autopsy months 
or years after an injury should enable one to estimate the severity of the 
injury as well as the part of the head which sustained the injury. By 
interpreting the evident facts in the light of what is known abcut the 
mechanism of coup-contrecoup injuries, the picture of the original trauma 
can be reconstructed, at least in its general outlines. 


THE ESSENTIAL MECHANISM OF COUP-CONTRECOUP INJURIES 
OF THE BRAIN 


The interesting phenomenon of contrecoup injuries has long intrigued 
the curious clinician. Two theories have been proposed to account for it. 
One school postulated that the contrecoup injury is due to the fact that 
the skull acts much like a hoop which has been struck on one side, that 
is, the opposite side approximates the struck side. Forgetting for the 
moment that the solid base of the skull precludes any close comparison 
between the cranial vault and a hoop, the fact that injuries to some areas 
produce only coup lesions and to others only contrecoup ones seems to 
indicate that some other factor is responsible for the cerebral injury. 

A second theory of coup-contrecoup injuries stated that the lagging 
brain within the moving skull sustains a contrecoup bruise when the 
skull is suddenly stopped in its flight by collision with some stable object. 
The fact that the opposite side of the brain is not invariably injured 
under such circumstances again seems to nullify this presumption. 

What mechanism, then, does account for the peculiar group of lesions 
following injury to the moving head ? 

My concept of the mechanism of coup-contrecoup injuries is a rela- 
tively simple one and is an extension of the philosophy of the mechanism 
of gunshot wounds of the brain: 


1. The head in motion corresponds to a bullet in flight, both 
describing a line of force in their trajectory. 

2. With the abrupt cessation of the trajectory by the collision of the 
head with an immobile or relatively immobile object, the line of force 1s 

6. It has been my practice, for the benefit of those attending my neuro- 
pathologic clinics, to predicate the seat of the injury to the scalp and the skull 
as well as to estimate the severity of this injury on the basis of the location 
and the size of the old contusions which are found in the brains of patients who 
survived these lesions for a considerable time and who died of another cause 
In a number of instances, the record of the previous injury is often available 
for study, since the patient has been hospitalized in this institution. The ability 
to interpret the mechanism and the severity of the injuring force with reasonable 
accuracy indicates that the essential philosophy of this paper at least approximates 
correctness. This has been substantiated in well over 100 old traumatic lesions 
of the brain studied by me. 
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suddenly reversed and extends backward through the nervous tissue 

the opposite side of the skull. 

3. This line of force,’ a continuation of the line of trajection of the 

is a relatively straight line if the trajection of the head was at 
right angles to the surface struck. If not at right angles, there is an 
increasing deflection on the curved surface of the head until a point 
is reached where the intracranial contents are not grossly affected. 

4. This line of force extends to the opposite side of the skull, pre- 
sumably with waves of force spreading out from it. 

5. This force travels by continuity through the nervous tissue and 
probably through the fluid in the ventricles as well. 

6. It may be deflected or diffused to some extent by contact with, or 
interruption by, structures of different densities, such as the falx cerebri 
or the tentorium. 








:. 4.—Diagrams illustrating subfrontal coup contusion, showing the mechanism 
production. 


/. The ultimate lesion depends on the relation of the waves of force 
along this line to the cortex and the subcortex which lie against 
the inflexible bony wall, on the degree of resilience of the blood vessels 
in the areas affected by the waves of force and on the anatomic structure 
of the brain in the area involved. 

The observations which seem to support this theory of coup-contre- 


cout 


up Injury are numerous but evident only on close analysis of the facts. 


iF the 


first place, it seems clear that there is a line of force; this is 


/. The term “line of force” is used in this study in a general sense. Strictly 
king, it is more than a line—otherwise the contrecoup injury would be 
mely minute. It is more likely a wave of force which dislocates the nervous 
along a line with progressive diminishing effects on all sides as the line is 

| from. 
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evidenced by the relatively localized character of the contrecoup lesion, 
Diminishing waves of force from the point of a blow as on the stationary 
head should produce lesions diminished in magnitude from the point of 
contact and should be completely diffused by the time the opposite wall 
of the skull is reached. In other words, the same type of lesions would 
be produced in both cases if the mechanism were the same. Further 
evidence that this force travels in a line is the occurrence in the frontal 
and temporo-occipital centrums of intracerebral hemorrhages on the basis 
of this mechanism. This mechanism also explains the chain of petechial 
hemorrhages occasionally found under similar circumstances. The same 
is true also of the chain of transverse ganglionic hemorrhages after lateral 
projection of the head, the larger lesion being contrecoup. 


That the most serious lesions are not necessarily produced along 
this line of force in the nervous tissue but are dependent on local bony 
relations is evident from the location of coup lesions following frontal 
injuries. Since the force of the blow is usually sustained in the frontal 
area, if the blow itself were primarily responsible for the contusion, such 
a contusion should be dorsolateral or at least polar in location. But it is 
not. It is found at the base of the frontal lobe, where deflected waves 
of force thrust the cortex against the uneven surface of the olfactory 
groove (fig. 4). 


DEFLECTION OF THE LINE OF FORCE 


That a certain amount of diffusion or deflection of the line of force 
may occur is suggested by the fact that groups of small petechial hemor- 
rhages may be present at the genu and the splenium of the corpus 
callosum where these lie in contact with the falx cerebri. The yielding 
nervous tissue meets the relatively resistant falx, and laceration of the 
small regional blood vessels results. However, this deflection is rarely 
sufficient to disturb the distribution and the character of the essential 
lesions which follow this type of injury. 


THE SIGNIFICANCE OF THE DISTRIBUTION AND THE NATURE OF 
COUP—CONTRECOUP LESIONS 


Some of the more general postulates now having been considered, 
attention can be directed to the immediate gross effects of trauma to 
the brain and the mechanism of their production on the basis of this 
thesis. Attention will be given (1) to the effects of the application 
of force in the various portions of the head and (2) the significance 
of the various lesions produced. 


Application of Force in Relation to the Curvature of the Skull.— 


It seems self evident that if the projected head strikes a solid object on 
a line oblique to the curved dome of the skull, the force is diffused in 
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and absorbed by the scalp and the skull in such a way as to prevent 
notable intracranial damage. Such applications of force are manifested 
clinically by brush burns or more serious abrasions if superficial or 
by avulsions of the scalp and erosion of the outer table of the skull if 








Fig. 5.—Diagrams showing: A, symmetric coup subfrontal and parasylvian 
contusions due to midirontal injury; B, homolateral coup subfrontal contusion due 
to oblique lateral frontal injury ; C, symmetric contrecoup subfrontal contusions due 
to midoccipital injury; D, contrecoup subfrontal contusions due to oblique lateral 
occipital injury. 


more profound. The more nearly vertical the line traveled by the pro- 
jected head is relative to the point of impact, the more likely it is that 
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coup or contre-coup injuries will result. The line or wave of force 
will thus be projected across the vault of the skull forcing the brain 
against the opposite side of the curve of the vault with resultant con- 
tusions. 

Considering the skull in its horizontal section, the point of the 
application of force decides the symmetry or asymmetry, the homolater- 
ality or contralaterality of the site of the lesion. When the moving 
head strikes directly in the frontal or the occipital midline, the contu- 
sions of the subfrontal and anterior temporal regions are about equal 
in size and symmetrically placed. If, on the other hand, the blow is 
sustained in a paracentral but directly frontal or occipital position, the 
largest subfrontal and anterior temporal contusions are usually found 


‘p 

e 
§ 
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Fig. 6—Diagrams showing: A, contrecoup lateral intrafrontal hemorrhage due 
to lateral frontal injury; B, contrecoup superficial contusion due to lateral temporal 
injury. 


on the same side of the brain. However, if the head is moving in an 
oblique direction so that the force of the blow is sustained more later- 
ally, the contusions will be largely homolateral if the blow is frontal and 
largely contralateral if the blow is occipital. The greater the deviation 
of the point of the application of force is from the midline, the more 
likely it is that the contusions will be confined entirely to the one side 
of the brain (fig. 5). 

When the head is projected in a lateral direction, the contusions 
are usually contrecoup; if both coup and contrecoup lesions result, the 
largest lesions are contrecoup. If the force of injury is sustained in 
the lateral frontal region, the inferolateral margin of the opposite frontal 
lobe is apt to be lacerated, often with more or less severe central hemor- 
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we. If the lateral temporoparietal region sustains the impact, the 
responding region of the opposite cerebral hemisphere will be the 
seat of the lesion (fig. 6). Lateral occipital blows do not produce con- 
tusions for anatomic reasons already described. 
Still another aspect of the application of force must be considered, 
that with respect to the direction of the projected head above or below 
the horizontal plane of the skull. This consideration is most pertinent 


Fig. 7—Diagrams showing: A, contrecoup subfrontal contusion due to median 
ccipital injury; B, contrecoup dorsolateral frontal contusion due to low occipital 
injury; C, contrecoup parasylvian (frontotemporal) contusion due to high occipital 


injury; D, contrecoup paramedian (chiasma-splitting) contusion due to vertical 
injury 


with respect to occipital injuries sustained in falls. If the falling head 
strikes on the inion, contusions of both subfrontal and anterior temporal 
regions will usually result. If, by rare chance, the chief force is sus- 
tained below the inion, a high frontal polar, or even dorsolateral, con- 


on will result. In the latter case, the temporal lobes may escape 
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entirely. On the other hand, if the force is sustained above the inion, 
the subfrontal and anterior temporal contusions tend to approach each 
other on either side of the sphenoid ridge. When the brunt of the 
force is sustained near the vertex, the chiasmal region may be longi- 
tudinally split over the sella turcica with resulting homonymous hemi- 
anopia if the patient survives his injury (fig. 7). 

Nature of the Lesions Produced.—As to the nature of the lesions 
consequent to this mechanism, there are a few points which should be 
emphasized. Contusions are, of course, the most characteristic and the 
simplest of coup-contrecoup lesions to evaluate from the standpoint of 
the mechanism of their production. There are other lesions which con- 


Fig. 8.—Diagrams showing: A, intracerebral hemorrhages (temporo-occipital 
and intrafrontal) along the line of force, illustrating the coup-contrecoup mechanism ; 
B, petechial hemorrhages in the cerebral centrum and in the corpus callosum 
indicative of the coup-contrecoup mechanism. 


form, insofar as their location is concerned, with the pattern of the coup- 
contrecoup mechanism. Outstanding because of the size of the lesion 
and its clinical importance is traumatic intracerebral hemorrhage. What 
I term “adjacent” petechial hemorrhages—small perivascular extravasa- 
tions in the regional centrums of the frontal lobe and, at times, of the 
parieto-occipital region—are also a product of this mechanism (fig. 8). 

In addition, petechial hemorrhages in the genu and the splenium of 
the corpus callosum and those which appear in the subcortical centrum 
along the upper and the medial border of the frontal and central regions 
of the brain probably are also to be accounted for on this basis. In some 
cases at least, subarachnoid and subdural hemorrhages are also the result 
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of injury with the head in motion, although a detailed discussion of the 
anatomic background which makes them possible cannot be gone into 
in this connection. Suffice it to say, this group of lesions which follow 
closed injuries, i. e., injuries not dependent on fractures of the skull and 
sustained with the head in motion, form a pathologic montage which is 
to be clearly distinguished from that consequent to other traumatic 
mechanisms. 
CLINICAL OBSERVATIONS 


As a result of earlier studies with some of my students in a general 
survey of craniocerebral injuries, a number of questions arose the answers 
to which were not immediately evident. For example, it was questioned 
whether more clinical manifestations of the usually lesser coup injuries 
of the side of the head could not be elicited if diligently sought for. The 
question also arose as to why no obvious coup injury to the occipital lobe 
occurred in cases in which injury was sustained in falls on the occipital 
region. Or why did no contrecoup injury of the occipital lobe result from 
frontal injuries by the same mechanism? While it was realized that 
gross injuries by this mechanism were largely due to the peculiar 
anatomic relations between the skull and the brain at the particular 
point, it was difficult to believe that these areas should escape entirely 
unscathed. It was queried also whether still other evidence in support 
of the transnervous tissue concept of the coup-contrecoup mechanism 
might not be forthcoming. It was realized that the answers to these 
questions were more likely to be found in clinical rather than pathologic 
observation because the lesions we sought were minor and transitory 
disturbances of function rather than permanent and gross alterations 
in structure. 


The occurrence of minor and subclinical coup lesions as well as 
contrecoup lesions in lateral injuries to the head was to be anticipated 
on the basis of information already at hand. While it was already 
recognized as a pathologic possibility that with such injuries minor 
contusions on the side of external injury as well as more severe ones 
on the opposite side might be found, it was presumed that minor 
clinical or even subclinical disturbances likewise might occur with less 
severe injuries. If this proved to be true, then a new avenue of approach 
to the study of the coup-contrecoup mechanism would be opened up. 
This proved to be the case in the first of a series of clinical observations: 


Case 1—A robust left-handed 2 year old son of a physician was struck 
down by an automobile while playing in the street in front of his home. His 
rojected head struck the pavement in the right frontoparietal region, a small 
laceration marking the spot. After being lethargic and nauseated for some hours, 
he boy became mentally clear and responsive. It was then observed that he pre- 


ed some residual difficulty in motor speech and minor but definite left brachio- 
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facial hemiparesis. Minor reflex alteration with pathologic toe signs also were 
found on the right side. This persisted to the extent that the child became right 
handed. 


In this case, it seems clear that a coup injury was sustained in the 
right lower central area, while the contrecoup injury to the brain was 
apparently limited to the relatively quiescent minor temporal lobe or so 
diffused as to result in only minor and transitory reflex changes. This 
case. however, served to emphasize the fact that even in the presence of 
minor injuries, coup as well as contrecoup injuries to the brain occur 
and that evidences of such injuries can often be found if looked for. 

In answer to the query as to why no coup injury to the occipital lobe 
occurs in falls on the back of the head, the following case is cited: 


Case 2.—An adolescent son of a hospital superintendent was playing tennis 


on a concrete court. After leaping into the air in an effort to return a high 
lob, he slipped and fell, the right occipital region of his head striking on the 
cement court. After recovering from a momentary daze, the youth noticed that 
his vision on the left side was completely obscured (homonymous hemianopia). 
After resting a few minutes, vision in this field was completely restored, during 
which interval he was observed by me. 


In this case, it is evident that a temporary loss of function of the right 
visual cortex resulted from some disturbance due to either shock or local 
circulatory changes consequent to the impact of the occipital region 
against the concrete. This was obviously a coup lesion sustained with 
the head in motion for which no anatomic counterpart is found. It seems 
to bear out the :otion that coup effects do occur after falls on the back of 
the head, even though no grossly visible lesion results from them. These 
effects are transitory and due to functional rather than structural 
changes. 

As an answer to the question why no contrecoup occipital lobe 
injuries result from the impact of the moving head in the frontal region, 
another case may be briefly described as an answer: 


Case 3.—A physician, 33 years of age, consulted me some three weeks after 
he had been injured. He had been struck by a passing automobile while he was 
repairing a tire at the roadside. He was thrown some 20 feet (6.1 meters), 
striking the pavement with the right frontal region. He was unconscious for 
three days and mentally obtuse for three more. No fractures of the skull were 
demonstrated by roentgen examination. Aside from headaches, vertigo, ataxia and 
photophobia, he was conscious of some blurring of vision. Examination disclosed 
a right upper quadrantic hemianopia to small test objects. This was interpreted 
as due to a contrecoup lesion of the left occipital lobe. 


Here again was found evidence of occipital injury, contrecoup in this 
case, but more persistent because of the more serious injury; it was 
subclinical and discovered only by searching for it. It was evidently 
fading after an interval of three weeks. These 2 cases (2 and 3) seem 
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indicate that transitory lesions of the occipital lobe, coup or contrecoup, 
i occur by this mechanism and according to the laws which govern it. 
is also possible that in selected fatal cases, microscopic alterations in 
. occipital cortex would be discovered if searched for. They would 
»robably be vascular in origin, possibly on an anoxic basis (owing to local 
transitory disturbances in blood supply incident to commotio cerebri). 


it 


In addition to these clinical observations which support the essential 
thesis of the coup-contrecoup injuries of the brain, there was still another 
which seemed to strengthen the notion that such injuries are produced by 
transmission of a wave of force through the brain tissue. The essentials 
of this case are as follows: 
































Case 4.—An electrical engineer, aged 56 years, accidentally tripped and fell, 
striking the back of his head against a concrete retaining wall and sustaining 
thereby a depressed fracture of the left posterior parietal region. Following resto- 
ration to full consciousness after a week, the patient was found to have a bilateral 
loss of the sense of smell, presumed to be due to bilateral subfrontal contusions. 
Of particular interest in this connection was the observation that even moderate 
pressure over the depressed fragment of bone on the left resulted in an acutely 
severe pain in the right orbit and right temporal region, areas diametrically 
opposite to the area of depression. 


This observation was interpreted as evidence of the transmission of 
pressure through the intervening nervous tissue with consequent pressure 
and stretching of the local dura. 


COMMENT 


There are a number of reasons why an understanding of the coup- 
contrecoup mechanism of craniocerebral injuries is important from a 
clinical standpoint. In a case of acute injury, a proper evaluation of the 
mechanism of injury gives the examiner some concept as to the possible 
nature and location of the lesions of the brain. It helps him to under- 
stand the many seeming inconsistencies and complexities which so often 
appear in such cases. 

Perhaps of even greater importance is the evaluation of the patient 
who has partially recovered from the effects of his injury. Unfortunately, 
in these cases, it is often difficult or at times impossible to get a complete 
story of the accident. Nevertheless, the effort spent in such a search is 
often well repaid. So often the efforts at clinical examination are fruit- 
less because the nature of the problem is not fully appreciated. This is 
particularly true in the interpretation of encephalograms. Not appre- 
cating that a subfrontal or an anterior temporal contusion may be 
present, the examiner may be content to see what he considers to be a 
normal ventricular pattern. The downward enlargement of the anterior 
horn or horns and the enlargement of the anterior portions of the inferior 
ns, if visualized at all by the usual views, are likely to be overlooked. 
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Perhaps of even greater clinical importance today is the possibility 
of making erroneous evaluations of electroencephalograms. The presence 
of multiple lesions often gives rise to abnormal waves coming from 
scveral locations. Such tracings are apt to be interpreted as due to a 
diffuse lesion. Or the disturbance in the waves due to clinically quiescent 
subfrontal and anterior temporal scars may overwhelm or obscure distur- 
bances from some minute lesion provoking occasional post-traumatic 
convulsions. Such experiences have been met with in my practice 
recently. It seems important, therefore, that in dealing with patients 
with post-traumatic difficulties, one should not lose sight of the funda- 
mental principle that the entire problem must be reviewed and that one 
cannot depend alone on laboratory tests or special examinations, which 
by their dramatic appeal are apt to elbow their way to the front of the 
stage. Nothing has thus far been found to entirely replace a knowledge 
of the evolution of any morbid process and its full evaluation in the 
light of clinical findings, nor is this likely soon to occur insofar as closed 
craniocerebral injuries are concerned. 


SUMMARY AND CONCLUSIONS 


It has long been recognized that under certain circumstances, injuries 
to the brain tissue may occur either on the side of the head sus- 
taining the external injury or on the opposite one. The injury to 
the brain at the seat of impact has been designated as coup or direct 


injury ; that of the opposite side of the brain, as the contrecoup or indirect 
injury. 

More recently, it has become evident that this type of closed injury 
(i. e., without the influence of fractures of the skull) is the result of 
injury sustained only when the head in motion strikes a stationary or 
relatively stationary object. The group of lesions thus produced results 
in a montage, which is significant to those familiar with the problem. 

Contrary to the belief of some, the lesion is not invariably on the side 
of the brain opposite to that sustaining the impact. Essentially identical 
lesions of the subfrontal and anterior temporal regions result from contact 
of either the frontal region or the occipital region of the moving head, the 
lesions being coup in the first instance and contrecoup in the second. 
This fact alone eliminates the original theories proposed to account for 
the effects of this particular type of injury. 

The evident identity of coup and contrecoup lesions already men- 
tioned and the fact that neither gross coup nor contrecoup lesions occur 
in the occipital region (diffuse contusion due to a somewhat different 
mechanism excepted) suggest that the anatomic relation of the brain and 
the portion of the skull proximate to it is essentially responsible for the 
nature and the distribution of the lesion. 
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I am of the opinion that contrecoup lesions aré produced by a wave 
of force which is transmitted directly through the nervous tissue and 
thrusts the cortex of the opposite diameter of the brain against the 
resisting bony irregularities and contours of the skull. As proof of this 
theory is offered the chain of lesions through the brain tissue observed 
in some cases as well as the clinical effect of pressure on the brain in 
instances of depressed skull fracture. 

The most characteristic coup-contrecoup lesion is cortical-subcortical 
contusion, but gross intracerebral hemorrhages also are to be accounted 
for on this same basis as well as certain types of petechial hemorrhage 
and, at least in some cases, subdural and subarachnoid hemorrhage. 

It is not possible to make an adequate or complete evaluation of the 
clinical picture in this group of cases, nor is it possible to interpret 
correctly the encephalographic or electroencephalographic picture without 
an understanding of the pathologic results of injury to the brain sustained 
while the head is in motion. 





